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MarTormo, M.D. 
Plaza Almansa #1 
Valencia 46001 
SPAIN 
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Re: 



"Inhibition of BCL-2 Protein Expression by Liposomal Antisense 
Oligodeoxynucleotides" (MDA96-020CIP1 ) 



Dear Dr. Tormo, 

The attached document, an Assignment, needs to be signed and dated by you, then 
notarized , as part of the process of filing a patent application on your invention as 
referenced above. 

Please execute this document and return to: 



In Spain, please use the earner, Ceur, who is an affiliate with the carrier we use in the US, 
Airborne Express. Ceur's phone number is 34 912 059500. Please call them for a pick up, 
and bill it to our Airborne Express number, 134747224, with a billing reference number of 
108501 1 1 , arid it will be charged to us, with no charges to you. 

In addition, please send a photocopy of the completed Assignment to my attention at Box 
510. If you have any questions regarding this matter, please feel free to contact me at 
(713)792-5978. 



Fulbright & Jaworski 

600 Congress, Suite #2400 

Austin, TX 78701 



Sincerely, 




Cheryl M. McCants 

Manager, Patent Administration 
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TEXAS MEDICAL CENTER 
1515 HOLCOMBE BOULEVARD • HOUSTON, TEXAS 77030 • (713) 792-2121 
A Comprehensive Cancer Center Designated by the National Cancer Institute 
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Valencia, Espana 46530 
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"Inhibition of BCL-2 Protein Expression by Liposomal Antisense 
Oligodeoxynucleotides" (MDA96-020CIP1 ) 



Dear Dr. Tormo, 

The attached document, an Assignment, needs to be signed and dated by you, then 
notarized , as part of the process of filing a patent application on your invention as 
referenced above. 

Please execute this document and return to: 



In Spain, please use the carrier, Ceur, who is an affiliate with the carrier we use in the US, 
Airborne Express. CeuKs phone number is 34 912 059500. Please call them for a pick up, 
and bill it to our Airborne Express number, 134747224, with a billing reference number of 
1 08501 1 1 , and it will be charged to us, with no charges to you. 

In addition, please send a photocopy of the completed Assignment to my attention at Box 
510. If you have any questions regarding this matter, please feel free to contact me at 
(713) 792-5978. 



Fulbright & Jaworski 

600 Congress, Suite #2400 

Austin, TX 78701 



Sincerely, 




Cheryl M. McCants 

Manager, Patent Administration 



CMM:clh 
Enclosure 



te\a> mutual center 

15:5 HOLCOMBE BOULEVARD • HOUSTON. TEXAS 77030 • (713) 792-2i2l 
A Comprehensive Cancer Center Designated by :he National Cancer Institute 



4 



| Carta J. Strobel 09/1 3/2001 09:1 3AMl 

To: cmccants@mail.mdanderson.org 
cc: 

Subject: Re: Dr. Tormo 
Cheryl, 

The original letter was dated May 31 , 2001 - do you want me to 
print another one with today's date? 

Thanks, 

Carla 

cmccants@mail.mdanderson.org on 09/12/2001 03:39:25 PM 

cmccants@mail.mdanderson.org on 09/12/2001 03:39:25 PM 




To: Carta J. Strobel/MDACC@MDACC, Donna L Nance/MDACC@MDACC 

cc: 

Subject: Re: Dr. Tormo 



Look in my in-box, there were some documents we sent to Dr. Tormo that were 
returned for incorrect address, please resend to the address below. 

Thanks ! 
Cheryl 

Forwarded by Cheryl M. McCan t s / MDACC on 09/12/2001 03:38 

PM 



Gabriel Lopez-Berestein 
09/12/2001 03:04 PM 

To: Cheryl M. Mc Cant s / MDACC@MDACC 
CC: 

Subject: Re: Dr. Tormo (Document link: Cheryl M. McCants) 
I found this address 



Paseo Valldigna 20 
Los Monasterios 
Valencia, Espana 46530 



Subramony, Priya 



From: 
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To: 

Subject: 



DHL E-Mail Tracking [webteam@lhr-sys.dhl.com] 
Thursday, January 03, 2002 10:28 AM 
Subramony, Priya 
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AWB Current Status 

8154634622 Shipment delivered: December 14, 2001 12:45 
Valencia - Spain 
Signed for by : C GOMEZ 
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December 12,2001 17:55 
Location : Austin, TX - USA 
Status : Shipment picked up 

December 12, 2001 19:24 
Location : Austin, TX - USA 
Status : Departing origin 

December 14, 2001 09:48 
Location : Valencia - Spain 
Status : With delivery courier 

December 14, 2001 12:45 
Location : Valencia - Spain 
Status : Shipment delivered 



Thank you for using the DHL e-mail tracking service. This message has been 
produced automatically by the DHL Worldwide Express e-mail tracking service, 
based on the most current information about your shipment(s). 
For any additional support you may require in relation to this or any other 
DHL services, please contact your local DHL Customer Services 
Department. The number can be found in your local telephone directory or on 
our Web site at http://www.dhl.com. 

Please do not reply to this email. For technical reasons, the reply-to 

address is not set to the e-mail tracking address. 

Copyright (c) 1999 DHL Worldwide Express. All Rights Reserved. 
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December 11,2001 



FILE: UTSC:550 
10017145 



VIA DHL COURIER 

Dr. Mar Tormo 

Departamento de Hematologia y Oncologia 
Hospital Clinico Universitario de Valencia 
Avenida Blasco Ibanez 1 7 
46010 Valencia 
Spain 



Immediate Response Required 



RE: U.S. Patent Application No. 09/381 747 entitled "INHIBITION OF BCL-2 
PROTEIN EXPRESSION BY LIPOSOMAL ANTISENSE 

OLIGODEOXYNUCLEOTIDES" by Mar Tormo (Client reference: MDA96-020 
^^IP 1 ) 



ACTION: SIGN AND RETURN 
Dear Dr. Tormo: 



Please find enclosed for your signature and return an Assignment which corresponds to the 
above-referenced U.S. patent application. 

. Please sign and date the Assignment where indicated. If there are any changes in the 
Assignment please initial your chants. Please return the Assignment to our office in the self- 
addressed DHL Courier envelope that is provided. 

Thank you for your assistance with these matters. If you have any questions or need further 
iniormation, please do not hesitate to contact our office. 



1640224 



Very truly yours, 

Priya D. Subramony 

PDS/jmh 

Encl: as noted 

^ cc: BethLynn Maxwell, Ph.D. (w/o encl.) 
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Cheryl M. McCants, Manager (w/encl.) 
David L. Parker, Esq. (w/o encl.) 
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Resultado de la busqueda Hormd* 

No se ha encontrado nada. 
Volver a la pagina anterior 
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Resultado de la busqueda f mar f 



Nombre Centro Servicio EMail TelSfono 

Jose Vicente BalagUer Martinez Hospital Clinico Urgencias ivbalagf5isan.gva.es 386.88.81 

Ana Maria CotneS CaStellanO Hospital Clinico Hematologia acomes@san.gva.es 386.26.50 

FedericO Martinez LianeS Hospital Clinico Unidad de lnformatica finl@san.gva.es 4 1 .04 

Maris a Roman Sanchez Hospital Clinico UDCA mroman@san.gva.es 386.26.60 

MaHa Jose Serrano Rodriguez Hospital Clinico Gestion Economica mserra@san.gva.es 

Encontradas 5 ocurrencias. 
Volver a la pagina anterior 



http://www.a4.san.gva.es/perl/hcbusper.pl?tipo= 1 &who=mar 
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m Hospital Clinico Universitario 

o Hematologia y Oncologia 

o Consultas Externas Tel. 4439 
o Sala Tel. 2625-4043-4438-4027 

o Laboratorio Hematologia 

o Tel 4445 



Encontradas 3 ocurrencias. 
Volver a la pagina anterior 
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04/26/2002 



Acute Leuken)ias 



Multiparametric analysis of apoptotic 
and multidrug resistance pheriotypes 
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9 Department of Hematology, Xeral Hospital, Lugo; 'department 
of Hematology, General Hospital, Castelldn; Spain 
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Acute myeloid leukemia (AML) is a heteroge- 
neous group of malignant diseases, often 
characterized by coexistence of more than 
one subpopulation of blast cells. 1 Although cur- 
rent treatment strategies induce high rates of mor- 
phologic complete remission (mCR), a high pro- 
portion of patients will eventually relapse. Fur- 
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thermore, at relapse, it is not uncommon that blast 
cells display more immature immunophenotypic 
features than they do at diagnosis. 2 - 3 These findings 
suggest that immature blast cells may be more 
resistant to chemotherapy and more efficiently 
protected against undergoing apoptosis 4,5 than dif- 
ferentiated blast cells. In this sense, several reports 
have shown that AML cases positive for CD34 anti- 
gen frequently display greater expression of anti- 
apoptotic proteins, as well as markers of drug resis- 
tance. 615 However, these reports have not been 
based on multiparametric analysis, by which indi- 
vidual cells may be simultaneously analyzed for the 
expression of particular antigens (thereby defining 
their stage of maturation) and markers of mul- 
tidrug resistance (MDR) and/or apoptosis-associ- 
ated proteins. 

At present, it is well known that normal cells also 
express drug resistant associated proteins, 16 20 and 
their pattern of expression varies according to the 
cell lineage and maturation stage. 16 * 20 Therefore, 
upon analyzing apoptosis and MDR-associated 
markers in AML patients, it would be mandatory to 
discriminate between leukemic and normal cells. 
' Multiparametric flow cytometry immunopheno- 
typing has proven to be a reliable and sensitive 
approach for the discrimination of myeloid blast 
cells from residual normal cells presented in bone 
marrow samples from AML patients; at the same 
time it allows the identification of different mat- 
uration compartments among myeloid blasts. 1 
Therefore, it provides a unique tool for assessing 
apoptotic and MDR-associated phenotypes in indi- 
vidual subsets of leukemic cells. Among patients 
with AML, the elderly usually have an unfavorable 
prognosis which may be related to a failure in 
drug-induced apoptosis, 21 representing a unique 
model for the analysis of apoptosis and MDR-asso- 
ciated phenotypes. 

The aim of the present study was to explore the 
simultaneous expression of proteins related to both 
apoptosis (AP02.7, bcl-2, bax) and multi-drug 
resistance (MDR1, MRP, LRP) in the different blast 
cell subpopulations' detected at diagnosis in a 
group of 72 elderly patients with AML 

Design and Methods 

A total of 72 previously untreated elderly 
patients (> 65 years of age) with de novo AML were 
included in the present study. In all cases, bone 
marrow (BM) samples were collected in EDTA anti- 
coagulant and processed within the first 18 hours 
after collection. The percentage of blast cells 
ranged from 35% to 97% (median 72%). It should 



be noted that only cases in which unequivocal dis- 
crimination between leukemic blast cells and oth- 
er cells could be made were included in this study. 
M3 cases were excluded from the study, and the 
distribution of the series, in accordance with the 
FAB classification, was as follows: MO 16%; M1 
15%; M2 18%; M4 16%; M5 25%; M6 5%; M7 
3%; and not classifiable 2%. In addition, 5 bone 
marrow samples from healthy adult donors were 
included in the study as a control. 

Whole BM samples (approximately 1x10 6 cells 
in 100 ^L/test) were analyzed using a four-color 
direct immunofluorescence technique. The follow- 
ing combinations of monoclonal antibodies (MoAb) 
were used (FITC, PE, PECy5, APC): CD32/ AP02.7/ 
CD34/CD45; bcl-2/ CD32/ CD34/ CD45; bax/ CD32/ 
CD34/CD45; CD19/ MDR1/CD34/CD33; MRP/CD34/ 
CD19/CD33; LRP/ CD34/CD19/CD33). This multi- 
parametric flow cytometric strategy allows us to 
discriminate between leukemic and normal resid- 
ual cells present in each sample, as well as to iden- 
tify the maturation stage of the different blast cell 
subsets found. Accordingly, three different stages 
of maturation were defined for myeloid blast cells, 
according to their pattern of antigen expression: 
subpopulation I (CD34 + ) -the most immature-, sub- 
population II (CD34-, CD327\ CD33 + ), and sub- 
population III (CD34-, CD32*/ + + , CD33 ++ ), the most 
mature (Figure 1). Regarding the relationship 
between FAB classification and the three previ- 
ously defined subpopulations, among the more 
immature cases (MO and Ml) subpopulation I 
(CD34 + ) predominated, either as a single cell com- 
ponent (50% of MO and 44% of M1 cases), or asso- 
ciated with subpopulation II (30% and 20% of M0 
and M1 cases, respectively). In M2 leukemias, sub- 
populations I and II were equally distributed while 
in monocytic leukemias population III was strong- 
ly represented (60% of cases), and interestingly 
subpopulation I was never detected as a single 
component. 

Apoptosis and multidrug resistance-related proteins 
were analyzed with the following MoAb reagents for 
the detection of intracellular proteins: anti-AP02.7- 
PE (clone 2,7A6A3; Beckman-Coulter, Miami, Fl_ USA) 
and anti-Bax (clone 4F11; Beckman-Coulter), anti- 
bcl-2-FITC (clone 124; DAKOPATTS, A/S, Glostrup, 
Denmark), anti-MRP (clone MRPm6; CHEMICON 
Temecula, CA. USA) and anti-LRP (clone LRP-56; 
CHEMICON). MDR1 expression on the cell surface 
was assessed using an anti-Pg-p (clone 1 5D3; Bec- 
ton Dickinson, San Jos6, CA, USA). MoAbs direct- 
ed against surface antigens used for the identifi- 
cation of blast cells, and their discrimination from 
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Figure 1 . AML case in which previously defined subsets I and III were detected among the myeloid blast cells. Subset I (in black), 
accounting for 30% of total blast cells, was CD34+CD45<*» CD32 /""" CD33 /<*» and C019-; and subset III (in dark grey), 
accounting for 60% of total blast cells, was CD34CD45V" CD32<*V* CD33" and CD19- (normal residual cells in light grey). 



normal residual cells included: CD32-FITC and 
CD32-PE from SEROTEC (Oxford, UK); CD19-FITC, 
CD34-PE, and CD33-APC from Becton Dickinson; 
CD19-PECy5, and CD34-PECy5 from Beckman- 
Coulter, and CD45-APC from Caltag Laboratories 
(San Francisco, CA, USA). 

For surface stainings, BM samples were processed 
as previously described. 114 Briefly, IOOjiL of sam- 
ple/tube were incubated for 30 min with the appro- 
priate combination of MoAb at room temperature 
(RT) in the dark (for up to 30'). Once this incubation 
period was finished, 2mL of FACS lysing solution 
(Becton Dickinson) diluted 1:10 (vol/vol) in distilled 
water was added, in order to lyse erythrocytes. After 
another 10 min incubation in the dark (RT), cells 
were centrifuged (5 min at 540 g) and the cell pel- 
let washed with 4 ml of PBS. Finally cells were 
resuspended in 0.5 mL of PBS until analyzed in the 
flow cytometer. 

Intracellular detection of APO 2.7 and bcl-2 pro- 
teins was performed after staining for surface pro- 
teins using a direct immunofluorescence technique. 



For this purpose, the FIX & PERM reagent kit (Cal- 
tag Laboratories) was used, strictly following the 
recommendations of the manufacturer. After stain- 
ing for the cytoplasmic antigens, cells were washed 
and resuspended in 0.5 mL of PBS until analysis in 
the flow cytometer. 

Cytoplasmic expression of Bax ( MRP and LRP was 
assessed using an indirect immunofluorescence 
technique after cell fixation/permeabilization (FIX 
& PERM reagent kit) followed by staining for sur- 
face antigens. In this technique rabbit anti -mouse 
immunoglobulins conjugated with FITC (F(ab')2 
fragments; DAK0) were used as a second layer. 
After staining, cells were washed with PBS and 
resuspended in 0.5mL of PBS until analysis in the 
flow cytometer. 

Appropriate isotype-matched negative controls 
were used for each of the techniques described 
above. In all cases, data acquisition was performed 
in a FACScalibur flow cytometer (Becton Dickin- 
son), using the CellQuest software program (Bec- 
ton Dickinson). A total of 20,000 BM events were 
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Figure 2. Histograms of expression of apoptosis (bcl-2, bax, AP02.7) and MDR (MDR1, MRP, LRP)-associated proteins in the 
AML case defined in Figure 1, in which subset I (black) and subset III (dark grey) were detected among the myeloid blast cells. 



acquired for each 4-color staining. The PAINT-A- 
GATE software program (Becton Dickinson) was 
used for data analysis. 

For each individual apoptosis and MDR-associ- 
ated marker, antigen expression was analyzed and 
reported as its relative fluorescence intensity (RFI), 
calculated as the ratio between the mean fluores- 
cence intensity (MFI) of the tested cells for the cor- 
responding protein and MFI of corresponding con- 
trols. For all proteins, except APO 2.7, the control 
was based on the MFI of the corresponding blast 
cell subpopulation in the isotype-matched negative 
control tube, which included all the other surface 
MoAb for each combination, thereby allowing the 
identification of blast cell subpopulations. For APO 
2.7, MFI of lymphocytes was used as the internal 
control due to the high autofluorescence of this 
particular combination of apoptosis associated 
proteins. 2224 

Statistical analysis 

The statistical analysis was performed using the 
SPSS software program (SPSS 8.0.1 5 Inc. Chicago, 
IL, USA). For each variable its median, mean, stan- 
dard deviation, and range were calculated. The 



Kruskal Wallis test was used in order to assess the 
statistical significance of the differences observed 
between groups, p values lower than 0.05 were 
considered to be of statistical significance. 

Results 

Figures 1 and 2 illustrate how the analysis of the 
expression of APO 27, bcl-2, bax, P-gp, MRP and 
LRP was performed in an AML patient for the dif- 
ferent blast cell subpopulations present in the sam- 
ple. 

In most cases (50/72, 65%), immature blast cells 
(CD34 + : subset I) were identified, and the mature 
subpopulations (CD34- CD327 + , CD33 + : subset II; 
and CD34- CD32*/**, CD33 ++ : subset III) were iden- 
tified in 38 cases (52%) and in 26 cases (36%), 
respectively. Interestingly, the most immature sub- 
population (subset I) showed a significantly high- 
er level of bcl-2 expression (p <0.0001) together 
with a lower reactivity for APO 2.7 (p=0.02) as 
compared to the other more mature CD34- cell 
subsets (CD34-, CD327\ CD33 + ; and CD34-, 
CD327 ++ , CD33 ++ ) (Table 1). The expression of bax 
parallelled that of APO 2.7, although the difference 
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Table 1 . Expression of bcl-2, bax, and AP02.7 apoptosis- 
related proteins in different maturation-associated subpop- 
ulations of blast cells in elderly AML patients. 



Subpopulauonof bd*2RFi BaxRFI AP02.7RFI 

blasl cefis 



l:CD34* 
M7) 


13.13±6.1 
12.00 


1.38t0.81 
1.14 


2.65±Z58 
1.93 


ll:CD34 andC032 A 
(n=38) 


8.52*5.76 
7.42 


1.42*0.49 
V28 


3.15±3.00 
2,18 


III: C034 and C032*/- 
(n=26) 


5.55*3.65 
4.78 


2.13*1.98 
1.27 


3.20±1.38 
3.03 


P 


<0.0001 


NS 


0.02 



Results expressed as mean ± standard deviation and median of relative 
fluorescence intensity (RFt: mean fluorescence intensity (MFI) of the analyzed 
celts divided by the MFI of corresponding controls). NS: not significant. 



Table 3. Expression of bcl-2, bax, and AP02.7 apoptosis- 
related proteins in normal cells from bone marrow of 
healthy donors. 



Jype of cells 


bcL2RFt 


BaxRFI 


AP02.7RFI 


CD34- 


8.27±1.9 


0.99±0.06 


17.33±5.85 


M) 


8.36 


1 


17.01 


GranukMnonoqftic lineage 


1.96t0.46 


1.12±0.07 


6.26±0.75 


M) 


1.99 


1.09 


6.30 



Results expressed as mearttstandard deviation and median of relative 
fluorescence intensity (RFI: mean fluorescence intensity (MFI) of the analyzed 
cells divided by the MFI of corresponding controls). 



between its expression on immature CD34 + blast 
cells and that on the mature blast cell subsets did 
not reach statistical significance (p=0.18). These 
results translated into a significantly (p<0.0001) 
higher bc!2/bax ratio for the CD34* blast cells as 
compared to that for the two CD34- blast cell sub- 
populations (the median bcl-2/bax ratio was: 7.42 
in subset I; 4.72 in subset II; and 1.81 in subset III; 
p<0.0001). Interestingly, similar results were also 
found when we restricted analysis to those AML 
cases in which only subpopulations I and II (21 cas- 
es), or I and III (11 cases), or II and III (12 cases) 
were detected. Upon comparing the results of blast 
cells with those of normal bone marrow cells, it 
was observed that the normal CD34 + cells displayed 
lower levels of bcl-2 (p=0.04) and higher levels of 
APO 2.7 (p=0.04) than those observed in the CD34 + 
blast cells. In parallel, granulo-monocytic cells from 
healthy controls (Table 3) expressed lower levels of 



Table 2. Expression of P-gp, MRP, and LRP multidrug resis- 
tance-associated proteins in different maturation-related 
subpopulations of blast cells in elderly AML patients. 



Subpopulauon of 
blast cets 




MRPRfl 


LRPRFI 


l:CD34* 
M0) 


3.51*3.3 
2.40 


2.10*0.97 
1.86 


6.29±5.97 
4.47 


H:CD34-andCD33* 
(n-34) 


2.79±3.1 
1.78 


1.90±0.61 
1.87 


8.91*6.12 
6.52 


HI:CD34-andCD33" 
Ml) 


2.15*0.85 
1.83 


1.78*0.64 
1.42 


11.12*9.56 
7.91 


P 


NS 


NS 


0.01 



Results expressed as mean i standard deviation and median of retative 
fluorescence intensity (RF1: mean fluorescence intensity (MFI) of the analyzed 
cells divided by the MFI of corresponding controls). NS: not significant. 



bcl-2 (p=0.003) and higher levels of APO 2.7 
(p=0.005) than did the mature blast subpopula- 
tions (II and III). 

Regarding the expression of the multidrug resis- 
tance-associated proteins P-gp and MRP, it should 
be noted that CD34* blast cells displayed a greater 
expression of both proteins as compared to the 
more mature CD34- AML blast cells, but differences 
according to maturation stage of AML blast cells 
did not reach statistical significance (median RFI 
for P-gp of 2.4, 1 .8, and 1 .8 for the subsets I, II, and 
III, respectively p=0.21 ; and median RFI for MRP of 
1 .9, 1 .9, and 1 .4 for the subsets I, II, and III, respec- 
tively p=0.36). In contrast, LRP expression was sig- 
nificantly lower in the more immature CD34 + blast 
cell subset than in the more mature ones: median 
RFI of 4.5, 6.5, and 7.9 for the subsets I, II, and III, 
respectively (p=0.01) (Table 2). 

Similarly to that which occurred with the apop- 
totic proteins, the results observed with multidrug 
resistance-associated proteins were also consis- 
tent when we restricted the analysis to those AML 
cases in which two subpopulations were detected. 
Regarding normal bone marrow samples no signif- 
icant differences were observed in the expression 
of drug resistance-associated proteins between 
normal bone marrow CD34+ cells and CD34* 
myeloid blast cells from AML. However, granulo- 
monocytic cells from healthy controls expressed 
higher levels of these proteins than the more 
mature blast subpopulations (II and III), especially 
in the case of LRP protein (p=0.04) (Table 4). 
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Table 4. Expression of P*gp, MRP. and LRP multidrug resis- 
tance-associated proteins in in normal cells from bone mar- 
row of healthy donors. 



Type of cells 


P-^RFI 


MRPRFI 


IRPRfl 


CD34* 


3.06±0.62 


2.89t0.9 


5.15±2.55 


(n-5) 


3.08 


2.95 


4.42 


Granuto-monocyiic lineage 


2.45±0.58 


6.35*3.97 


16.67*6.94 




2.51 


3.84 


15.35 



Results expressed as mean±standard deviation and median of relative 
fluorescence intensity (RFI: mean fluorescence intensity (Mfl) of the analyzed 
cells divided by the MFI of corresponding controls). 



Discussion 

Acute myeloid leukemia is a heterogeneous 
group of malignant diseases, and when it develops 
in elderly patients has a particularly unfavorable 
prognosis frequently related to both a lower 
response rate and a higher incidence of relapses as 
well as lower tolerance to and higher toxicity of 
chemotherapy, It has been suggested that the 
expression of members of the bcl-2 family (e.g. bcl- 
2, bax) 25 - 26 and other proteins related to multi-drug 
resistance (e.g P-gp, MRP, LRP) 14 - 27 29 are involved 
in the cellular mechanisms contributing to chemo- 
therapeutic resistance in AML In line with these 
observations particularly low levels of in vitro drug- 
induced apoptosis have been shown in blast cells 
from elderly AML patients. 21 On the other hand, 
sequential studies of AML patients at diagnosis and 
relapse indicate that phenotypic changes may fre- 
quently occur and that they are associated with 
the expression of a more immature immuno- 
phenotype at relapse. 2 - 3 This may be due either to 
the fact that immature blast cells are more resis- 
tant to chemotherapy or/and that they are pro- 
tected from undergoing apoptosis. 45 

It is now well established that proteins associat- 
ed with apoptosis and multidrug resistance are also 
expressed by normal cells, and differences in the 
level of expression of these proteins have been 
found within a given cell type according to its mat- 
uration stage. 17 * 20 Therefore, the analysis of expres- 
sion of proteins involved in apoptosis and multi- 
drug resistance should focus particularly on the 
different blast cell subpopulations found at diag- 
nosis in AML patients, since this might provide new 
insights into the mechanisms of chemo-resistance 
in AML 

A high number of studies have been reported in 
which expression of bcl-2, MDR1, MRP, LRP, and 
even other apoptosis or multidrug resistance-asso- 
ciated proteins have been analyzed in AML 



patients. 6-15 However, so far, little is known about 
the different expression of these proteins in indi- 
vidual AML blast cell subpopulations defined 
according to their stage of maturation, and dis- 
crepant results have been reported concerning the 
correlation between the expression of some of these 
proteins and CD34 antigen expression in AML blast 
cells. 5 - 91430 ' 31 These discrepancies may be due to the 
fart that most of the studies considered only whether 
the AML was CD34 positive or negative, 6-931 according 
to a predefined threshold (>10% or 20% positive cells), 
without taking in account that in AML patients, CD34* 
and CD34- blast cells frequently coexist. 1 

Multiparametric flow cytometry immunopheno- 
typing, based on multiple MoAb staining, allowed 
us not only to discriminate myeloid blast cells from 
the residual normal cells present in each sample, 
but also to identify the different stages of matu- 
ration in myeloid blast cell subsets. 1 In addition, 
this was combined with the simultaneous analysis 
of the expression of proteins associated with either 
apoptosis (APO 2.7, bcl-2, bax) or drug resistance 
(P-gp, MRP and LRP), thus permitting their specif- 
ic assessment in different subsets of myeloid blast 
cells previously identified and defined according to 
their stage of maturation. 

Bcl-2 is probably the most widely studied apop- 
tosis-related protein. 9 - 11 - 1& - 17 - ^ 25 - 2 * * 33 Although 
discrepant results have been published concerning 
its expression in different AML FAB subtypes, 9 * 1117 
higher levels of bcl-2 expression have been report- 
ed for CD34+ AML cases, 911 but simultaneous mea- 
surement of both proteins has not been carried out. 
Our present findings, based on the analysis of spe- 
cific blast cell subsets support previous reports. 
Regarding the expression of APO 2.7, which detects 
the mitochondrial 7A6 antigen particularly 
expressed by cells undergoing apoptosis, and bax, 
the information so far available is scanty, and 
restricted almost exclusively to the bax protein 
whose expression has not been associated with a 
particular FAB subtype. 1132 Our results show that 
the immature CD34+ myeloid blast cells have a 
lower expression of both bax and AP02.7, indicat- 
ing that these cells could be protected from enter- 
ing into apoptosis. This finding was particularly sig- 
nificant when the bcl-2/bax ratio was considered 
as a marker of apoptosis. In addition, we compared 
the results obtained in these blast cell subpopula- 
tions with those of their normal cell counterpart. 
Our results show that CD34 + blast cells are more 
protected from apoptosis than the normal CD34 + 
cells (the blast cells displayed higher bcl-2 and 
lower APO 2.7 levels). The same pattern was 
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observed when granulo-monocytic ceils from 
healthy controls were compared with the more 
mature blast subpopulations. 

Resistance to chemotherapy is a major factor 
limiting successful treatment of AML One of the 
best-characterized drug resistance mechanisms is 
extrusion of drugs by the energy-dependent mul- 
tidrug resistance (MDR1) transport protein or P-gp. 
A large number of studies have been published on 
P-gp expression and prognosis in AML 4 ' 5711 ' 27 - 29 ' 32 
However, a major drawback of the interpretation 
not only of P-gp but also of MRP and LRP data is 
the lack of standardization in the results obtained 
by different analytical assays, 13 - 22 * 23 * 34 and consen- 
sus has been difficult to reach. In our study, we 
followed the consensus recommendations for 
staining and analysis of these proteins. 22 24 With 
respect to the potential relationship between the 
maturation stage of AML blast cells and P-gp 
activity, previous studies have shown that both the 
more immature FAB subtypes 11 * 15 and the CD34 + 
AML cases 7 * 12 - 13 usually display a higher P-pg 
expression and/or activity. However, these results 
have not been confirmed in all studies. 14 Contro- 
versial results have been obtained regarding MRP 
and LRP according to the CD34 expression in AML 
- positive or negative cases. 6 ' 8 In the present study 
the expression of P-gp and MRP proteins tended to 
be higher in CD34+ blast cell populations than in 
CD34- ones, but differences did not reach statisti- 
cal significance. These results are in line with the 
high bcl-2 and low Apo 2.7 expression in this sub- 
set of myeloid blast cells, and could also explain 
why these cells are more resistant to both apopto- 
sis and chemotherapy. Surprisingly, our results 
show that LRP expression was significantly lower 
in the more immature blast cell subset (CD34*), 
suggesting that myeloid maturation might be asso- 
ciated with different patterns of MDR-associated 
phenotypes and/or that several drug resistance 
mechanisms are concomitantly implicated in AML. 
With respect to the expression of drug resistance- 
associated proteins in normal bone marrow, no 
clear differences were noted between normal 
CD34* ceils and CD34* myeloid blast cells from 
AML. However, granulo-monocytic cells from 
healthy controls express higher levels of these pro- 
teins than do the more mature blast subpopula- 
tions, especially in the case of LRP protein. These 
apparently contradictory results could be explained 
by the great complexity of the mechanism involv- 
ing drug resistance. 

We conclude that in elderly AML patients the 
more immature blast cells are more resistant to 



phenotypes in AML 1 293 

the apoptotic process, which could explain why, 
when AML relapses, the blast cells frequently dis- 
play a more immature phenotype than the one 
observed at diagnosis. In minimal residual disease 
studies we have previously reported that different 
blast cell subpopulations may coexist in AML 
patients at diagnosis, and a minor one, frequently 
the most immature, may be responsible for the 
relapse. 1 * 2 The present study sheds further light 
onto this finding, since the more immature blast 
cells were the more resistant to the apoptotic 
process, and would have a greater probability of 
survival. Contradictory results in multidrug resis- 
tance profiles support the hypothesis that failure to 
respond to chemotherapeutic drugs in AML is a 
multifactorial phenomenon, and more information 
is needed to understand the resistance of blast cells 
to chemotherapy. 
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